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Objectives 
We propose to further investigate the feasibility of an innovative chemical sensor based 
on monitoring the surface plasmon resonance (SPR) bands of metal and bimetallic 
nanoparticle doped Y2O3 stabilized ZrO2 (YSZ nano-cermets), as a function of fuel 
concentrations, impurities(CO and  H2S) and temperature(500-900°C). Since the SPRs of 
nano-cermets are directly correlated to the composition and shape of the metal particles,1 
along with the composition of the surrounding matrix2, the nano-cermets will be tested 
and designed to provide real time sensory outputs for the chemicals of interest.  The 
proposed sensor has a YSZ matrix, which is commonly used as both an electrolyte and, 
when doped with nickel, as an anode in SOFC3,4, thus upon feasibility demonstration, 
integration directly into the SOFC will be possible.  The development of an integrated 
SOFC chemical sensor will provide the following benefits: 1)In situ monitoring of the 
fuel cell chemical composition, linked to a feedback loop, will allow smart control of the 
SOFC, 2)Monitoring the chemical composition of a low temperature SOFC in real time 
will enable a more complete understanding of the catalytic and reaction mechanisms and 
thus lead to more efficient stack designs, 3)The development of sensors for operation 
within a simulated SOFC environment will at the same time be satisfying the need for 
chemical sensors for the Department of Energy Vision 21 Initiative.  
 
Accomplishments to Date 
Nanocomposite films deposited using dual target confocal physical vapor deposition have 
deposited and analyzed using x-ray diffraction, Auger spectroscopy and scanning 
electron microscopy.  We used Uv-Vis absorption spectroscopy to evaluate the surface 
plasmon resonance bands of embedded Au nanoparticles in a YSZ matrix for the 
detection of CO at operating temperatures up to 800°C. Promising results have been 
obtained, however extensive experiments as a function of temperature and CO 
concentration are required to determine the sensing properties of these materials.    
Pd/PdO-YSZ based nanocomposites are also under development for the detection of 
hydrogen at 650°C.  Preliminary results on the thermal stability and sensitivity of the 
Pd/PdO-YSZ nanocomposites have shown a sensitivity towards percent level hydrogen 
concentrations with reliable results obtained over 100 exposure cycles.  We are currently 
upgrading our optical detection apparatus to include a CCD coupled monochromator 
which will allow measurements to be obtained with 5 second time resolution.    
 



 
Future Work 
Perform extensive experiments on both the Au-YSZ and Pd/PdO-YSZ nanocomposite 
systems as a function of target gas concentration and temperature, such that the dynamics 
of the sensing mechanism will be determined and the corresponding kinetics of the 
sensing reactions will be analyzed.  Further development and optimization of the 
materials set will be pursued to obtain a sensitive and reliable sensing material for harsh 
environment applications.  
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